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公共卫生学意义。已知癌干细胞(cancer stem cells, CSCs)的特性是其参与 NPC 致癌过程
和导致 NPC 耐药和复发的关键因素，寻找抑制 NPC 干细胞的有效干预靶点有待研究。
环氧合酶 2(cyclooxygenase-2, COX-2)与多种肿瘤的发生发展密切相关，其在环境因素诱
导致癌作用与人群肿瘤诊断治疗中的作用是公共卫生与毒理学研究中关注的重要问题。
COX-2 是肿瘤干性的重要维持因子，我们前期研究证实 COX-2 参与诱导 NPC 干性侧群
细胞(side population, SP)上调，肿瘤化学预防因子能够通过抑制核因子-kappaB (NF-κB)
信号通路活化介导 COX-2 表达下调，抑制 NPC 细胞干性表型。本研究旨在进一步探讨
COX-2 在线粒体的亚细胞定位介导 NPC 细胞干性调控的线粒体动态学机制，并通过线
粒体 COX-2 的干预调节化疗药物的抗肿瘤敏感性，研究结果可为人群 NPC 化学预防的
潜在分子标志物筛查和靶向干预策略提供理论与实验依据。 
方法：1. 采用 GEO 数据库进行 NPC 病例组织中 COX-2 基因(PTGS2)与线粒体分
裂相关因子 Drp1 基因(DNM1L)表达的相关性分析。分选 NPC 细胞株(CNE1 和 CNE2)中
干性 SP 与主群 MP 细胞，qRT-PCR、免疫印迹、免疫荧光等检测 COX-2、Drp1 和癌干
性相关标志的 mRNA 和蛋白表达水平，分析 SP 和 MP 细胞线粒体动态学和干性表型的
变化。2. 构建 COX-2 基因敲低/高表达稳定细胞株，建立 COX-2 基因干预模型，采用
siNC 和 siDNM1L 建立 Drp1 基因干预模型，免疫印迹、免疫荧光实验检测 COX-2、线
粒体分裂相关因子与癌干性蛋白表达水平和线粒体动态学变化；邻位连接法检测 COX-
2 与 Drp1、p53 与 Drp1 蛋白互相作用；流式细胞术分析 SP 细胞比例；有限稀释法测癌
干性细胞比例；克隆形成实验评价细胞自我更新能力，探讨 COX-2 在线粒体分布的功
能。3. 选择 NPC 化疗药物 5-FU 为药物模型，天然植物化学物白藜芦醇(resveratrol, RSV)
和非甾体类药物为 COX-2 的干预模型，Mdivi-1 为 Drp1 的干预模型，免疫印迹、免疫
荧光实验检测 COX-2、线粒体分裂相关因子与癌干性蛋白表达水平和线粒体动态学变
化；流式细胞术分析 SP 细胞比例；Annexin V-FITC 凋亡检测试剂盒测定细胞凋亡；噻  
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织中 COX-2，线粒体分裂相关因子与癌干性蛋白表达水平，进行 COX-2 在线粒体分布
的功能验证与 NPC 化疗敏感性分析。 
结果：1. GEO 数据库中 NPC 人群肿瘤组织相对于非肿瘤组织中 COX-2 与 Drp1 的
mRNA 表达升高，且两者之间存在正相关性。SP 比 MP 细胞的癌干细胞比例高，干性
相关基因蛋白与 mRNA 表达量增加。SP 相对于 MP 细胞，COX-2、线粒体分裂相关蛋
白表达升高、线粒体碎片化程度增加，提示 NPC 细胞和组织中 COX-2 参与线粒体分裂
增加上调 NPC 干性。2. COX-2 高表达后，CNE1 与 CNE2 细胞线粒体定位的 COX-2 增
多，线粒体碎片化加剧，癌干细胞比例与干性相关蛋白 ABCG2 与 Oct4 表达量升高，SP
细胞比例也增加，癌干性表型上升。3. Drp1 的活性抑制剂 Mdivi-1 干预 CNE1 与 CNE2
细胞后，线粒体的分裂显著抑制，癌干性蛋白表达降低，SP 细胞比例下降，克隆形成减
少。敲低 Drp1 后，CNE1 与 CNE2 中由于 COX-2 高表达后引起的碎片化被显著抑制，
CNE1 与 CNE2 细胞中 COX-2 高表达后引起的 SP 比例升高与克隆形成增多也被逆转。
4. COX-2 敲低表达后，与 shCtrl 相比，COX-2 低表达细胞中线粒体定位的 COX-2 减少，
线粒体碎片化减少，同步检测癌干性相关蛋白 ABCG2 与 Oct4，与 shCtrl 相比，表达量
降低，SP 细胞比例也降低，癌干性表型下调。5. 采用 RSV 抑制 Mito-COX-2 的表达后，
抑制 CNE1 与 CNE2 细胞 COX-2 与 p53 的线粒体定位，减少线粒体碎片化计数，RSV
降低鼻咽癌细胞中 COX-2、ABCG2 与 Oct4 的蛋白表达、SP 细胞的比例与细胞克隆形
成，下调癌干性表型。6. 化疗药物 5-FU 诱导 CNE1 与 CNE2 细胞 COX-2 表达量升高，
线粒体定位的 COX-2 与 p53 增加，线粒体碎片化计数上升，诱导 NPC 干性上调。RSV
抑制 5-FU 诱导 CNE1 和 CNE2 细胞的 NPC 干性上调，增加 5-FU 对 CNE1 与 CNE2 细
胞生长活力的抑制，增加 5-FU 对 NPC 移植瘤生长的抑制作用，增强 NPC 对化疗药物
的敏感性。 
结论：COX-2 在线粒体的分布通过诱导 p53 的线粒体转位参与 Drp1 诱导活化，导
致线粒体分裂增强和介导 NPC 细胞干性上调；线粒体 COX-2 的靶向干预能抑制 NPC























Objectives: Nasopharyngeal carcinoma (NPC) is a malignancy with a remarkable 
geographic distribution, the incidence of NPC is particularly high in southern China. Exploring 
the occurrence, development and prevention of NPC was significant to public health. Cancer 
stem cells (CSCs) are a small subset of malignant cells, possessing stemness, with strong 
tumorigenic capability, participating in carcinogenesis, conferring resistance to therapy and 
leading to the relapse of NPC. The identification of effective targets for NPC-CSCs is of great 
significance. Cyclooxygenase-2 are closely related the occurrence and development of a variety 
of tumors and diseases, the role of COX-2 in the induction of tumorigenesis by environmental 
factors, in the diagnosis and treatment of cancer in the population is an important issue for 
public health and toxicology. COX-2 plays a critical role in maintain NPC stemness, 
mitochondrial localization of COX-2 may confer to the stemness of NPC. Our previous study 
suggested that cyclooxygenase-2 (COX-2) would be a novel target for the CSCs-like side 
population (SP) cells in NPC. Tumor chemopreventive factor preferentially targets the cancer 
stem cells from NPC via suppression of the NF-κB/COX-2 pathways. In the present study, we 
further explore the mechanism of mitochondrial dynamics for the regulation of 
cyclooxygenase-2 on the cancer stemness in NPC. Inhibition of mitochondrial COX-2 
increased the sensitivity of NPC to chemotherapy drugs. Our findings provide new insights for 
understanding mitochondrial COX-2 as a potential molecular markers for NPC 
chemoprevention and developing more effective therapeutic strategies for NPC treatment. 
Methods: 1. Gene expression analyses were used to analyze PTGS2 and DNM1L 
expression levels in NPC cohorts in GEO dataset. Sorting and analysis of side population (SP) 
cells and main population (MP) cells by flow cytometry, qRT-PCR was performed to detect the 
mRNA levels of PTGS2, DNM1L and cancer stemness related genes. Western blotting, 
immunofluorescence were used to determine protein levels of COX-2, mitochondrial dynamic 
related proteins, cancer stemness related proteins and the changes of mitochondrial morphology. 
















established, inhibition of the expression or the activity of Drp1 was used by siRNA or Mdivi-
1, the protein interaction studies were performed with proximity ligation assay (PLA). Analysis 
of side population (SP) cells were used by flow cytometry, western blotting, 
immunofluorescence were used to determine protein levels, the changes in mitochondrial 
morphology, and the protein co-localization in mitochondria. In vitro limiting dilution assay 
was used to detect the frequency of CSCs in constructed cell lines. Cell colony formation assay 
was used to evaluate cell self-renewal capacity. All these experiments were carried out to 
explore the functional role of mitochondrial COX-2. 
3. RSV and nonsteroidal anti-inflammatory drugs was selected as a selective inhibitor of 
COX-2, 5-FU was selected as a representative chemotherapeutic drug of NPC, western blotting, 
immunofluorescence were used to determine protein levels, the changes in mitochondrial 
morphology, and the COX-2/p53 co-localization in mitochondria. Cell colony formation assay 
was used to evaluate cell self-renewal capacity. The Annexin V-FITC apoptosis detection kit 
was used for apoptosis assay.The tetrazolium-based colorimetric test was used to determine cell 
proliferation. Xenograft studies in nude mice were performed to analyze tumor formation or 
suppression in vivo. These experiments were used to verify the function of mitochondrial COX-
2 and analyze the NPC chemotherapy sensitivity. 
Results: 1. The NPC tumor tissues exhibited relatively high PTGS2 and somewhat 
elevated DNM1L expression compared with normal nasopharyngeal epithelial tissues in GEO 
dataset. The expression of DNM1L was significantly correlated with PTGS2 expression in these 
clinical samples. the mRNA and protein expression levels of COX-2 and Drp1 were 
significantly higher in SP cells than in MP cells, the mitochondria in SP cells were more 
fragmented and less elongated than in MP cells.These results revealed that COX-2 is a 
promising therapeutic target for NPC and further hinted that the activation of Drp1 may be 
involved in the promotion of cancer stemness induced by COX-2. 
2. Overexpression of COX-2 increases the interaction of COX-2 with p-Drp1Ser616, The 
level of COX-2 localization in mitochondria was increased, ABCG2 and Oct4 expression and 
SP ratios were also upregulated by COX-2 overexpression. COX-2 promotes the mitochondrial 
fission and upregulates the stemness of NPC.  
















fragmented mitochondria. Mdivi-1 significantly downregulated the expression of ABCG2 and 
Oct4 and decreased the percentages of SP cells and colony formation in both CNE1 and CNE2 
cells. Knockdown of DNM1L caused a marked reduction of the expressions of ABCG2 and 
Oct4 and the SP percentages which were increased by upregulating mito-COX-2. Drp1 
knockdown downregulates mitochondrial fission and NPC stemness which induced by COX-2 
overexpression.  
4. COX-2 knockdown significantly decrease the frequency of CSCs, the level of ABCG2 
and Oct4, the SP percentages, decreases p-Drp1Ser616 and NPC stemness by lessening the 
mitochondrial translocation of p53, compared to the corresponding shCtrl cells. 
5. RSV significantly suppressed mitochondrial COX-2, the mitochondrial translocation of 
p53, and mitochondrial fission in both CNE1 and CNE2 cells, the levels of COX-2, ABCG2 
and Oct4, the SP fractions and the areas of colony formation were decreased in a concentration-
dependent manner in both CNE1 and CNE2 with RSV treatment, RSV suppresses stemness in 
NPCs by inhibiting the mitochondrial COX-2, p53 and p-Drp1Ser616.  
6. Upregulation of COX-2, p-Drp1Ser616, ABCG2, and Oct4 induced by 5-FU were also 
counteracted by RSV. Increases of SP ratio and colony formation area caused by 5-FU were 
also decreased by RSV in CNE1 and CNE2 cells, co-treatment with 5-FU and RSV induces a 
higher apoptosis rate. Inhibition of the mitochondrial COX-2 by RSV increased the 
chemosensitivity of NPC tumors to 5-FU in vivo and in vitro, RSV sensitizes NPC to 5-FU 
through the inhibition of cancer stemness and mitochondrial COX-2. 
Conclusions: Our current work provides new insights regarding the mechanisms of 
enhancing the activation of Drp1 by mitochondrial translocation of COX-2 and p53. We also 
demonstrate that inhibition of mitochondrial COX-2 can suppress the cancer stemness of NPC 
and mitochondrial COX-2 is a promising theranostic target for NPC treatment. The results 
explain the molecular mechanism that how COX-2/p53 participate in mitochondrial quality 
control by an transcription independent pathway, and confirm that mitochondrial COX-2 was a 
potential target for enhancing chemosensitivity of NPC. Our findings provides a scientific basis 
for potential molecular marker screening and intervention strategies for chemoprevention NPC. 
Key words: cyclooxygenase-2; nasopharyngeal carcinoma(NPC); cancer stemness; dynamin-


















Abbreviations and Acronyms 
英文缩写 英文全称 中文名称 
ABCG2 ATP-binding cassette sub-family G member 2 ATP 结合盒亚家族 G 成员 2 
ALDH1 aldehyde dehydrogenase1 乙醛脱氢酶 1 
Bax Bcl-2-associated X protein Bcl-2 相关 X 蛋白 
Bcl-2 B-cell lymphoma 2-related protein B 细胞淋巴瘤 2 相关蛋白 
BMI1 
B lymphoma Mo-MLV insertion region 1 
homolog 
B 淋巴瘤 Mo-MLV 插入区 1 同源物 
CDK1 cyclin-dependent kinase 1 细胞周期依赖性激酶 1 
COX-2  cyclooxygenase-2 环氧合酶 2 
CSCs cancer stem cells 肿瘤干细胞 
DAPI 4, 6-diamidino-2-phenylindole 4',6-二脒基-2-苯基吲哚 
DNM1L dynamin 1-like gene (for Drp1) 动力相关蛋白 1 编码基因 
Drp1 dynamin-related protein 1 动力相关蛋白 1 
GAPDH glyceraldehyde-3-phosphate dehydrogenase 甘油醛-3-磷酸脱氢酶 
GEO gene expression omnibus 基因表达数据库 
IHC immunohistochemistry 免疫组化 
MFC mitochondrial fragmentation counts 线粒体碎片计数 





NPC nasopharyngeal carcinoma 鼻咽癌 
Oct4 octamer-binding transcription factor 4 八聚体结合转录因子 4 
OD optical density 光密度 
PI propidium iodide 碘化丙啶 
PTGS2 
prostaglandin-endoperoxide synthase 2 gene  
(for COX-2) 
















英文缩写 英文全称 中文名称 
qRT-PCR quantitative real-time polymerase chain reaction            实时定量聚合酶链反应 
RSV resveratrol 白藜芦醇 
shRNA short hairpin RNA 短发夹 RNA 
shPTGS2 shRNA targeting PTGS2 mRNA sequence 靶向 PTGS2 的 shRNA 
SP side population of cells  侧群细胞 
WB western blot 免疫印迹 
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第一章 前 言 
1.1 鼻咽癌及其癌干性 
鼻咽癌(nasopharyngeal carcinoma, NPC)是指发生于鼻咽部的恶性肿瘤，作为常见的









易感性基因可能定位于 4 号染色体 4p15.1-4q12[3]及 3p21 区[4]，此外单核苷酸多态性
(Single nucleotide polymorphisms, SNPs)也是 NPC 发生的重要易感风险因子，NGX6、
NOR1 和 UBAP1 的 6 个 SNPs 改变是鼻咽癌遗传易感风险因子[5; 6]。EB 病毒编码的病毒
基因如 EBNA1、LMP1、LMP2、BARF 等与 NPC 的发病密切相关，其主要通过调控鼻咽
上皮细胞内信号转导通路及基因调控网络，促进细胞生长、增殖和转化，获得肿瘤细胞
的特征[7]。研究 NPC 的发生发展及人群防治具有重要的公共卫生学意义。 





中发挥重要的作用，这群异质的细胞群即为癌干性细胞(cancer stem cell, CSCs)[9]。1997
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CSCs 致癌的理论由此提出[10]。迄今已报道 CSCs(包括干细胞样细胞“stem-like cells”和
肿瘤起始细胞“tumor initiating cells”等)的实体瘤有：脑瘤、乳腺癌、室管膜瘤、皮肤
癌、前列腺癌、视网膜母细胞瘤、胰腺癌、肝细胞瘤、头颈部肿瘤等[11]。CSCs 的标志
物多种多样，包括细胞膜表面的标志物如 CD 抗原中的 CD117、CD133、CD34、CD44
和 CD24 等；此外，CSCs 可以通过使用标记蛋白的生化功能方法来鉴定，如乙醛脱氢
酶 1，或者通过 CSCs 膜泵蛋白 ABCG2 高表达，能够快速排出亲脂性染料 Hoechst 33342
的特点来鉴定 CSCs，染色阴性的细胞又称为侧群(side population, SP)细胞[11]，SP 具有
CSCs 的特征，SP 的存在是目前认为可能导致 NPC 耐药复发与远期转移的主要原因之
一[12]。 
CSCs 的靶向干预是目前肿瘤化学预防与治疗的新方法，理解 NPC 干性调控机制，
对于寻找开发抗 NPC-CSCs 的靶点具有重要作用[11]。目前的研究发现，CSCs 自我更新
能力主要受到多条干性(stemness)相关通路调控，包括 Wnt/β-catenins、Hedgehog 和 Notch
信号通路。在 NPC 中，Wnt/β-catenin 信号已被发现可以调节细胞的迁移、凋亡、分化和
自我更新[13-14]。研究发现，敲除 β-catenin 降低了 NPC-CSCs 的干性特征[15-16]。Liu 等通
过体外和小鼠模型证明了 Hedgehog 在调控正常和恶性人类乳腺癌干细胞中发挥重要的
作用[17]。Notch 信号是已知调控很多器官组织细胞增殖和凋亡的分子，目前认为在 CSCs




氧诱导因子 HIF-1增加肝 CSCs 自我更新和肿瘤形成的能力。此外，肿瘤浸润免疫细胞
分泌的炎症因子 IL-6 增加了结肠癌相关的 CSCs[21]。niche 不仅可以调控 CSCs，并且也
直接使 CSCs 转变为非 CSCs[22]。因此，改变肿瘤微环境为肿瘤的靶向干预提供了一个
新的方法，癌干性的微环境调控机制研究对于寻找肿瘤化学预防与靶向干预的靶点意义
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